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NOTICE 


When  Government  drawings,  specifications,  or  other  data  are  used 
for  any  purpose  other  than  in  connection  with  a definitely  related  Govern- 
ment procurement  operation,  the  United  States  Government  thereby  in- 
curs no  responsibility  nor  any  obligation  whatsoever;  and  the  fact  that 
the  Government  may  have  formulated,  furnished,  or  in  any  way  supplied 
the  said  drawings,  specifications,  or  other  data,  is  not  to  be  regarded 
by  implication  or  otherwise  as  in  any  manner  licensing  the  holder  or 
any  other  person  or  corporation,  or  conveying  any  rights  or  permission 
to  manufacture,  use,  or  sell  any  patented  invention  that  may  in  any  way 
be  related  thereto. 


FOREWORD 


The  work  described  in  this  report  was  accomplished  by  the  United 
States  Rubber  Company,  Passaic,  New  Jersey  for  the  Wright  Air  Develop- 
ment Center,  Wright  Patterson  Air  Force  Base,  Ohio  as  authorized  by 
Contract  No.  AF  55(C98)-229Cm  dated  25  March  1951>  RDO  k52-h95B 
(UNCLASSIFIED),  Elastomer,  Plastic,  and  Fluid  Components.  The  con- 
tract was  administered  under  the  direction  of  Lt«  R.  £.  Lyons  and  Mr. 

K.  R.  Straus  of  the  Aircraft  Laboratory,  Directorate  of  Laboratories, 
Wright  Air  Development  Center. 

Chief  responsibility  for  the  conduct  of  this  program  was  assigned 
to  Mr.  T.  D.  Ernst.  Others  who  contributed  to  the  successful  completion 
of  the  work  included!  Mr.  R.  J.  Melslnger  of  the  United  States  Rubber 
Company  and  Mr.  R.  W.  Phillips  of  the  Weatherhead  Company,  Cleveland, 
Ohio  o 
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ABSTRACT 


A study  of  wire  braided  hose  manufacturing  techniques,  materials, 
and  design  has  been  made  to  establish  principles  necessary  for  the 
manufacturer  of  hose  to  meet  the  requirer ents  of  Specification  MIL-H-5017 
size  -S. 

The  design  and  manufacturing  techniques  used  to  produce  a -S  size 
hose  sample  which  met  all  the  requirements  of  Specification  MIIi-H-5017 
is  desjribed. 


PUBLICATION  REVIE\T 


The  publication  of  this  report  does  not  constitute  approval  by  the 
Air  Force  of  the  findings  or  the  conclusions  contained  therein*  It  is 
published  only  for  the  exchange  and  stimulation  of  ideas* 

FOR  THE  COUUANDERt 


^ D*  D.  McKEE  Q 

Colonel,  USAF 

iJ  Chief,  Aircraft  Laboratory 
Directorate  of  Laboratories 
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OMM. 


Di^lop— nt  of  high  prM0nr8  b^drasUo  bos*,  tlsa  -89  oonfozvlag  to 


Spooificatlon  MIL-H>50r7»  dated  13  Fetruaxy  1950> 


iwapixjc 


The  reaearoh  woxk  directed  toeard  the  developaient  of  hoee  to  aeet  the 


atrlngent  requireaenta  of  9peoifioatio&  lIIi-B-5017»  oaa  be  dlTlded  into 
three  oatagoriea»  naaely,  the  evaluation  of  aateriala,  Ihndanental  hoee 
dealgn,  and  analTala  of  proceaalng  teohnlquea.  A oonalderahle  portion  of 
the  work  vaa  oonoentrated  on  the  latter  {diaae*  Thia  vaa  done  on  the  baaia 
of  thia  ooaqMuqr'a  esqperienoe  with  teo  wire  braid  high  preaaure  boee.  On 
aeveral  oooaalona  in  the  peat,  aa^plea  of  thia  hoae,  aeleoted  for  quality 
braiding  fTon  production  runa»  were  teated  and  found  to  neet  the  lapuTao 
requirementa  of  tbia  apedfloation.  Knowing  that  boee  with  exceptional  braid* 
ing  would  neet  theae  teata,  it  waa  believed  that  the  nateriala  and  deaign 
being  uaed  were  aatiafactoxy  and  that  the  naln  problan  oonoemod  the  inprev»- 
■ent  of  nanufacturlng  teohnlquea  to  inaare  greater  uxdforwity  of  quality*  The 
final  outoo&e  of  the  wozk  indioatea  that  thia  waa  principally  the  oaae. 


SECIIQH  I 

EVALOATIOM  OF  lUTIRIAXiS 


Hoee  Reinforeaaent  Wire 

Conventional  hydraulic  hoee  reinforceaent  wire  la  hard  drawn  high  oarben 
ateel  wire  uaually  produced  in  two  tenaile  rangea,  nanely^  300,000  to  350,000 
P.S.I.  and  350,000  to  400,000  P«8.I.  Siaea  ranging  froa  0*008  to  O.OI6  in* 
dianeter  are  cuetonarily  produoed  with  a atraw  liquor  finiah.  The  liqaor 
finish  ia  an  eleotrolytioally  diaplaoed  ooating  of  copper  and  tin  a^ilied  to 
the  wire  prior  to  ita  final  draw*  Thia  ooatiag  ia  inatrunentel  in  produoiag 
a bond  between  the  rubber  and  the  wire* 
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Th«  wire  is  suffloleiitly  ductile  to  wrap  around  a nandrel,  the  dlaaeter 
of  whloh  is  four  tines  the  wire  diameter,  without  showing  signs  of  fracture. 

Discussions  were  held  with  the  technical  persozmel  of  several  wire 
suppliers  in  an  effort  to  learn  more  concerning  the  fundamentals  of  wire 
technology.  Little  information  was  gained  through  these  intezviews.  ill 
the  technicians  advised  that  the  wire  currently  being  furnished  was,  from  a 
metallurgioal  standpoint,  the  best  composition  that  could  be  offered.  Ho 
ooa^iosltlons  which  would  exhibit  superior  flex  fatigue  or  ductility  are  known. 

It  was  further  stated  that  no  testing  equipment  is  available  with  which  relia- 
hle  data  on  fatigue  life  can  be  obtained  for  the  sizes  of  wire  concerned.  Wire 
fatigue  testers  using  the  rotating  beam  principle  are  available  but  test  results 
obtained  with  these  instruments  are  erratic. 

It  was  apparent  from  these  discussions  that  there  Is  a sore  lack  of  beslc 
information  on  the  physical  properties  of  wire.  It  is  the  opinion  of  the 
investigators  that  there  is  a great  need  for  research  in  this  field.  Until 
the  fatigue  life  of  hose  reinforcement  wire  can  be  iiqproved  or  at  least 
measured  with  a reasonable  degree  of  accuracy,  the  element  of  trial  and  error 
will  never  be  eliminated  from  the  design  or  manufacture  of  hose  for  high 
impulse  service. 

It  was  generally  recommended  that  the  greatest  flax  or  Impulse  life  would 
be  obtained  by  using  the  highest  tensile  wire  available  and  building  the  highr- 
est  burst  strength  possible  into  the  hose. 

All  the  wire  manufacturers  were  of  the  opinion  that  400,000  P.S.I.  was 
the  maxlnwn  tensile  strength.  Their  eaQ>ezience  with  harder  drawn  wire  Indi- 
cates that  minute  flaws  not  apparent  in  a lower  tensile  range  become  greatly 
oacaggexe.ted  above  400,000  P.S.I.  causing  considerable  nozk- unif onrity.  It  is 
possible  to  draw  .008  inch  diameter  wire  to  425,000  P.8.1 . or  possibly  higher 
without  encountering  this  condition  but  on  .012”  and  larger  diameters,  it  is 
not  recosBiended. 
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T«o  aptoial  typss  of  vlro  wor*  suggested  as  possible  answers  to  Improved 
Isqnlse  llfe|  Swedish  steel  wire  and  Aircraft  cord  wire.  Orders  were  entered 
for  these  aaterlals  but*  unfortunately,  delivery  was  made  only  a short  time 
prior  to  the  expiration  date  of  the  contract  and  Insufficient  time  was  left 
to  produce  samples. 

Since  that  time  trials  with  these  wires  have  been  made.  Test  results 
on  hose  made  using  these  special  wires  are  shown  on  page  9.  Results  show  no 
Is^BPeveent  in  impulse  over  the  standard  commercial  wire.  A design  was 
developed  using  ooveroial  hose  wire  In  the  350,000  to  400,000  P.S.I.  tensile 
ramge  which  meets  the  Isqiulse  requirements  of  Specification  1IIL-H"5017  with 
a oomslderable  margin  of  safety.  It  was  concluded  from  this  work  that  certain 
design  features  must  be  adhered  to  In  order  to  obtain  satisfactory  Impulse 
life  with  any  type  of  wire.  Commercial  grade  hose  wire  appears  to  be  entirely 
satisfaetoxy  provided  it  Is  inoorporated  Into  the  hose  properly. 

Tube  Compouiid 

The  first  few  samples  of  hose  were  made  using  a standcurd  tube  compound 
BI-4636  which  is  a 75  ^ 5 durosMter  freeze  Msietant  Buna  H ccmpouxid  having 
the  following  physioalst 

EB~4636 

Durometer  75  -i-  5 Shore  A 

Tensile  1800  - 2000  P.S.I. 

ILongation  175-225^ 

During  the  oonrse  of  — ^"g  hose  samples  using  this  tube,  considerable 
diffiaulty  wms  enoountered  with  tube  bulging  during  coupling  application.  The 
high  crimp  or  oompression  necessary  to  hold  couplings  on  this  type  hose  at  the 
Mg**  pressures  involved  puts  am  extremely  high  compression  stress  on  the  tube. 
As  the  ooupling  insert  is  screwed  into  the  hose  tube,  this  stress  tends  to 
drive  the  tube  forward,  fondmg  a bulge. 
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In  order  to  OToroone  this  oondition^  a harder  tnbe  OQaqMund  EH~40507-0-2 
wee  dereloped.  It  vae  reallaed  at  the  tine  that  inoreaslng  the  hardneae  of 
the  tube  lapalr  its  freeae  realatazioe  but  there  appeared  to  be  no  alter- 

natlTe  If  the  bulge  tendenojr  was  to  be  elinlDated.  The  jAiyaloals  for  this 
tube  stook  foUowt 

BM-A0507-Q-2 

Duroneter  65  * 5 duro 

Tensile  2000-2200  P.S.I. 

llongation  150-200J( 

This  tube  oonpound  was  incorporated  in  one  of  the  designs  suhsiitted 

(XH-1725)  • Freese  tests  were  oonduoted  on  this  hose  sample  in  acoordanoe 
with  both  MIL-4-5512  and  lfIL-ft>5017.  The  tube  failed  to  aeet  the  require- 
■ents  of  the  latter  speoifloation  when  the  air  aged  sasqple  cracked  on  flexing 
at  -65^F.  The  oil  aged  sanple  was  satisfactory. 

When  tested  in  accordance  with  Specification  llIL-B-5512  which  allows  a 
72  hour  preconditioning  in  IIII1-O-56O6  hydraulic  oil  at  100^.  after  the  seven 
days  air  aging  • 158^F.»  the  hose  net  requirements. 

Further  work  was  ooxsiuoted  to  defvelop  a tube  stock  which  would  neet  the 
IIIL-E-5017  freese  requirements,  yet  not  cause  excessive  bulging.  A tube  stock, 
40507-G-3  was  developed  and  incorporated  in  the  final  design  submitted  for 
test  (XH-I94O).  This  tube  compound  Ueets  the  freese  requirmaents  of  Specification 
mr*H-5017«  The  physical  properties  of  this  compound  aret 

HI-405q7-»-3 

DurosMter  80  3 

Tensile  1800-2000  P.S.I. 

Uongation  175^225% 

Recipes  for  the  three  oompounds  appear  in  A^endlz  I pages  21  and  22. 

Laver  Compound 

Bose  samples  were  made  with  both  .016”  gauge  and  .032*  gauge  layers 
between  the  wire  braids. 
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lapulfls  tests  mn  on  sanples  Identloal  except  for  layer  gauge  showed 
inproveaent  where  the  heavier  layer  was  used.  Sxaaination  of  iapulse  samples 
Stowed  that  the  layer  stodc  is  eoQiosed  to  considerable  abrasion  and  grinding 
aetion  daring  this  test  due  to  the  movanent  of  the  wire.  The  heavier  layer 
enahions  or  abaorbe  this  ■ovesient  and  prolongs  eventual  wire  to  wire  contact 
idiich  oanses  rapid  failure. 

The  final  construction  developed  utilized  an  .032*  gauge  layer  of  cciBpound 
11-^779.  This  oompound  has  only  average  physicals  due  to  its  non-black  loading 
but  e:d)ibits  good  wire  adhesion  properties  which  are  necessary  to  prevent 
wire  flare.  The  recipe  for  the  oompaaad  is  Included  in  the  ai^>enlix»  page  22. 
Draaker  Ply  and  Cover  Stocfc 

All  hose  samplea  were  produced  using  coapound  M-4650,  a 60  durmeter 
hl^  grade  Beoprene  compound.  This  stock  aeets  freeze  requirements  and  is 
aatisfaotory  in  all  other  rasiieots.  The  recipe  for  this  compound  is  included 
in  the  appendix^  page  22. 

Initial  saiqjles  wore  made  without  a breaker  ply  in  the  cover  which  is 
eenventional  wire  braid  hose  oeoatruotion.  Subsequent  failures  on  the  fire 
resistance  testf  however^  made  it  necessary  to  inoorporate  a cotton  breaker 
ply  in  the  cover.  It  is  diffioult  to  visuaUae  but  the  cotton  brald^  even 
though  it  oarbonlBes  almost  liadt  stely»  tends  to  hold  the  charred  cover  on 
the  hose  during  azposure  to  the  flams  irtiare  it  provides  soma  insulation.  This 
aotion  is  significant  enough  to  make  a mazksd  difference  in  the  fire  resistance 
of  the  hose. 

Samples  of  hose  without  the  breaker  ply  submitted  to  the  fire  resistance 
teat,  paragraph  4*5.3«l^i^oifioatioa  IIXr^5017  failed  after  two  alButes  or 
lass  exposure  to  the  flame.  The  oonstmcrtlon  Inoorporating  an  .016*  gauge 
Isjar  of  1-4779  over  the  wire  and  an  open  oetton  breaker  ply  between  the  layer 
and  the  oonrer  suooeaafnlly  mat  the  ten  aiante  axposure  to  the  flame  withomt 
leakage  la  all  eases. 
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Bcnnrrmr,  th«r*  is  one  disadTnntsgs  to  using  s Isgrer  end  taresksr  ply  oa 
this  hose  oonstruotion.  The  ooTsr  thioknsss  sUowsd  Igr  tbs  spseiflostion  is 
•0$5”*  Using  sn  .016*  gsuge  Isysr  and  .026*  dlsMtor  hrssksr  junii  tbs  sffs»- 
tiTS  ooTsr  thiabnsss  left  is  approodnatslor  *029".  This  is  hardly  suffloiasA  fbr 
satisfactory  produotion  operation*  Unless  the  finished  hose  oorwr  is  ground 
to  diasasionf  the  hosa  probably  viU  bo  oonsistently  heaty  in  0*D*  Xn  order  ts 
eliuinata  the  expense  of  grindingi  and  the  possibility  of  siqposing  the  brosksc’ 
ply  on  oeoasion^  it  is  reeossMnded  that  the  oorsr  gsage  be  inoreased  ts  at 
least  •078”.  la  addition,  it  is  possible  that  the  inoreased  oarer  thickness 
nay  iiqiroye  fire  resistanoe* 

UBCriOl  n 

BD6I  mSKB 

■nserous  saaples  incorporating  designs  utilising  enriations  in  braid 
angle  or  pitch,  ends  of  wire,  sises  of  sire,  layer  ooupofuada,  and  layer 
thidcnesses  were  fabricated.  The  produotion  of  these  saaples  was  rigidly 
oontroUed  to  elialnate  ell  poeelble  preoess  yarletions  whiofa  al^d  affeeti  tbs 
final  results.  From  the  test  results  on  those  saaples,  ths  fUUowing  prlnoiples 
eonoeming  reinforoanenb  braid  design  hare  been  established  as  being  neoessaxy 
for  satisfactory  iapolse. 

1.  Mini  ana  hoae  aoraaeat. 

2.  Ura  padcs  no  graatar  than  90J(. 

3*  Wire  dlaaeter  of  *012*  aaiiiw  (Use  hosa). 

4*  Suffioieixt  cushion  bstaeen  boraida. 

1.  ■talaqn  Hosu  liPTOaagt 

The  angle  of  application  or  pitoh  of  the  reinforeing  breids  sundMlws 
to  consistent  good  impulse  life  is  that  angle  which  allows  wInlaHa  nfiwsasat 
of  the  hoae  under  pressure.  This  angle  was  found  by  saporiasnt  to  bo  sjiwua 
iwately  Boss  with  high  aoroasst  (3-53()  was  fSaad  to  giwe  srratis 

iapolso  raoulta  while  hose  baying  aoysnent  in  the  0-2^  range  showed  fsr 
aeoro  oonsistonoy. 


me  TR  54^116 


6 


Tha  apaolfi  cation  Units  of  ;f  appear  to  be  euffieisntlj 

oonfining  to  insure  consistent  impulse  results  in  this  respect. 

Some  typical  test  results  showing  the  relation  between  hose  nore- 
n«it  and  impulse  life  are  shown  below. 


TABLE  I ~ B3SE  HDVOCEMT  VS.  IMPULSE  LITE 


Samnle  # 

■ovement 

Impulse  Life  (cycles) 

IH-9651-1 

-5.25 

93,090 

XH-9651-2 

— 4«76 

89,433 

XB-^52-1 

41,373 

ZB-9652-2 

-4.52 

51,560 

IB-9793-1 

-4.15 

185,000 

I&-9793-2 

-5.54 

93,010 

XH-9798-2 

-2.16 

108,632 

IB-9798-2A 

-2.60 

79,380 

IB-9790-1 

0.00 

256,410 

IB-9790-2 

-0.07 

312,820 

Wire  Packs  Vo  Qroater  than  90% 

The  percent  wire  pack  or  that  fraction  of  available  surface  area 
covered  with  wire  should  not  exceed  90^  if  consistrat  impulse  results 
are  to  be  obtained.  Crowding  in  more  wire  for  higher  burst  will  sacri- 
fice Impulse  life.  This  is  believed  due  to  the  greater  crimp  created  (m 
the  wire  with  resultant  poorer  flex  Ufe  and  greater  abrasion  between 
individual  strands. 

3.  lire  Diamster  of  .nige  ne-rtMmi 

Experiments  with  .015*  diameter  wire  indicate  thaty  although  a small 
advantage  is  gained  in  bursty  the  impulse  life  is  sharply  reduced.  It  is 
believed  that  designs  incorporating  the  smallest  diameter  wire  that  can  be 
utilised  with  a reasonable  margin  on  burst  will  result  in  the  longest  impulse 
life.  The  prenise  is  that  this  is  due  to  the  greater  crimp  created  in  larger 
diameter  wire  as  it  passes  over  and  under  adjacent  strands  in  the  braid 
pattern.  This  would  be  particularly  true  for  equal  wire  packs  and  appears 
to  hold  true  even  for  somewhat  lower  percent  packs. 

Tbllowing  these  general  prinoiplos  and  using  the  hose  design  formulae 
sbowny  a final  hose  eonstruotion  was  established. 
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Pitoh  » 


Pitch  s 

. 7T  (HI 

tan  4. 

loBtw  Bida  « (Mln«  B.P.)  (Md)  (Pitoh)  

2 (8i&^  (Strength  Wire)  (lo.  Spools)  (lo.  Plies)  (B) 

H » (Strength  nre)  (lo.  Spools)  (Ho.  Plies)  (lo.  Ends) 

Burst  Pressore  • 2 (Sln^)  (R)  (l) 

(Id)  (Pitoh) 

% Paok  « (1/2  lo.  Spools)  (Hre  ga.)  (lo.  Ends) 

(ReinforeeMnt)  (81n^)  (Pitoh) 

Ibsret  Id  Bean  disaster  of  relnforoing  braids  (This  was  oaleulated 


Tubes 

as  0.658”) . 

Strength  of  Wire  » 40#  per  end  for  .012*  dia.  Spec.  15A  wire. 

1 » Sftioionay  (This  varies  but  75%  appears  to  be  the  average 
effioiesu^  for  this  type  hose  construction). 

IB-1725  MIL-H-5017  Sise  -8  7/l6”  I.D. 

El-40507-0-2  Finished  gauge  .070” 

Extruded  31/64”  I.O.  x .095”  eall  and  seal-cured  15*  C 30#  steaa. 

Osaenti 

Wash  with  solvesso  and  apply  1 coat  P-784  oeaent. 

nre  Braids 

.012”  dia.  spec.  15A  vire,  7 ends,  24  S.M.,  1-3/8”  pitch,  41/64*0. D 

Layers 

1-4779  .032”  ga. 

lire  Braids 

.012”  dia.  spec.  151  wire  7 ends,  24  S.M.,  1-3/8”  pitoh,  4r-7/64”0.D 

Layers 

1.^779  .016*  gauge. 

Breakers 

7/3  yam,  1 end,  24  8JI.,  1-3/8”  pitch 

Covers 

■-4650  .040”  gauge  extruded  27/32”  O.D. 

Cures 

Spiral  lylon  Wrap  — 60*  C 50#  steaa. 

The  <*ef1gn  of  this  hose  is  based  on  using  one  average  mean  diameter  for 
both  bndds.  Galoolations  treating  the  braids  individually  indicate  a neglig- 
ible difference.  The  difference  is  saaller  than  that  encountered  when  the 
hose  diaeneioas  vary  eitfain  toleranee  lialtsk 


nso  n 9^116 


8ub«tituting  in  tha  bone  foxnnlae  *e  obtaint 

(Average  braid  angle)  56°  19* 

Burst  Pressure  (O  75$  E)  ^ 18,600  P«S*I» 

$ Paodc  (aTerage)  » 88.2$ 

fiMe  was  Bade  to  this  spedfi cation  using  a conventional  Reading  Textile 
vire  braider.  However,  all  equipsient  was  rigidly  inspected  prior  to  use  and 
all  eleaents  were  oarelbliy  controlled  with  respect  to  quality,  dimension,  etc. 
during  the  course  of  manufacture. 

This  hose  met  ell  the  general  requirements  of  the  specification  with  the 
exception  of  the  Cold  Temperature  Test  (-65^  E.}. 


Ionise..... .....  200,000  cycles  and  still  running  when  test 

was  stopped. 

Burst 17,500  P.S.I.  average. 


In  view  of  the  failure  to  meet  cold  temperature  requirements  with  the 
XH-1725  sample,  additional  hose  was  produced  using  the  40507-G-3  tube  compound. 
The  beiance  of  the  oonstruotion  was  identical  to  lB-1725.  Test  results  ob- 


tained M this  hose  at  the  Airoraft  Laboratory  IPAFB  are  shofwn  below.  This 
hose  anooessfully  met  the  requirements  of  the  specification  including  impulse 
and  eold  temperature  requirements  indicating  that  hose  can  be  made  on  conven- 
tional equipment  and  materials  to  meet  llllr>fr>5017  Spedfioation. 
fOUewing  is  the  test  data  oovering  subject  hose 

TABUB  2 - QOALZPZGAIICi  TESTS  - SIZE  >•  (7A6*  Z*D.)  COHSROCnOH 
1^19140  > 8PECI7IGJTI0R  llIL-fi-5017 


Para* 

2*2.5  Ould  Leak  Para. 

JbLtlfi  Sk  £aa£ialBaisft21sXssi£s£fl  Sssrl 


1 

U379  .736 

OK 

Aeroqulp  (X 

ii^— 

100,000 

2 

*4375  .740 

m 

Veatberhead  fK 

t 

— 

— 

3 

.4375  .731 

w 

Aerequip  ■ 

OU 

• 

— ~ 

CS 

4 

*4375  .739 

m 

featherhaed  • 

ou 

9 

OK 

— 

9 

U375  .740 

• 

Aeroqulp  ■ 

Air 

9 

— 

— — 

— 

4 

U375  .742 

« 

VMtbsrfaMbd  * 

Air 

9 

— 

— 

— 

7 

.4375  .7a 

0 

Aeroqulp  * 

OU 

— 

(X 

OnabI# 

OK 

— 

to  hurst 
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Pttxm. 

2«2.5  Gold  Leak  Fara. 


n.  m ae 

fitting 

Proof  Ana  lanolae  flax  Teat  Buret 

QggT 

8 *4375  .748 

GK 

Weatherhead 

OK 

Air 

— 

CK 

— Unable  to 
barat 

— 

— 

9 .4373  .748 

m 

Aaroqnip 

« 

Air 

m 

— ■ a • 

— 

— 

10  ,4373  .736 

• 

Aaroqnlp 

• 

— 

— 

OK  17,100 

— 

U .4375  .741 

■ 

Weatherhead 

* 

— • 

— 

■ 16,000 

— 

12  .4375  - 

m 

— 

— 

Oil 

— 

— 

— — 

— 

OK 

13  U375  - 

« 

— 

— 

on 

— 

— — 

— 

m 

Hanaatlon  k Contraction 

■o.  10  - 0 ■ 11-V8*  3000  pal  » 11-3A6*  ~ Change  .0056f 

lo.  11  > 0 3 11-3/8”  3000  pal  » 11-1/2*  — Change  .0109)K 

B0fl.«..  Jto.  8 and  9 vere  oondltlonad  before  oold  flexing  acoordlng  to 
dpeeifloation  KIXr-fl-5512Af  Para.  4*6.2.6. 

Sanplea  1 thxv  6 Znpolaed  GK 

lo.  7 leaked  at  one  fitting  teat  at  13^800  pal  ) 

lo.  8 leaked  at  one  fitting  teat  at  11^600  pal  ) Cold  flax  teated 

lo.  9 leaked  at  one  fitting  teat  at  14»200  pal  ; 

lo.  10  hoae  burat  4”  trem  fitting 

lo.  11  fltUng  blev  off 

Irtra  aanplea  aatnltted  for  oold  flexing  10A9/53 

lo.  l..«ilr  aged  and  oold  flexed  OK.. .Proof  OK 
lo.  B...Hr  aged  and  oold  flexed  GK... Proof  OK 

lo.  A...  Bur  at...  leaked  at  Weatherhead  Fitting  12,600  pal 
lo.  B...  Bur  at...  leaked  at  Weatherhead  Fitting  12,400  pal 

Sanplea  aged  10-19  to  10-26,  1953*  aanplea  not  oondltlonad. 

TABLS  3 > IMPULSE  RESULTS  - LIFE  TESTS 

CGMPIRISOI  BETWEEI  SKEDISH  STEEL  WIRE  - AIBCRAFT  CORD  EIRE  AID 
OOHHBICIAL  GRADE  WIRE  - ALL  COHSTRUCTIONS  SAME  AS  XH-1940  EXCEPT 


fOR  WIRE. 

Wire 

m 

JOL 

525C. 

Flttlna 

troot 

Ms. 

Impolae 

XH-1940  1 

.4375 

.rsn 

OK 

Aaroqulp 

CK 

— 

247,721 

COBMTCiAl  2 

.4375 

.732 

K 

Weatherhead 

« 

— 

287,322 

Grade  nire  3 

•A375 

.729 

■ 

Aeroqulp 

• 

on 

216,467 

4 

.4375 

.735 

« 

Weatherhead 

on 

265,877 

5 

.4375 

.738 

m 

AwroquLp 

« 

Air 

323,492 

6 

.4375 

.729 

n 

Waathex^iead 

■ 

Air 

240,528 

liDC  TR  54^116 


10 


ise^ 

& 

JH 

lire 

Gone. 

mtinc 

Proof 

Aa 

Ifr-1956 

1 

.4375 

.730 

OK 

Aeroquip 

GK 

■■■■■ 

297,109 

Swedish 

2 

.4375 

.732 

ft 

Weatherhead 

9 

269*816 

Steel  Mrs 

3 

.4375 

to 

p 

« 

m 

Anroquip 

9 

Oil 

4 

.4375 

.740 

m 

featherhead 

9 

Oil 

245,112 

5 

.729 

9 

Aeroquip 

9 

Air 

227,425 

6 

.4375 

.745 

9 

Weatherhead 

9 

Air 

109,651 

IB-1957 

1 

.4375 

.726 

GK 

Aeroquip 

OK 

215,385 

Aircraft 

2 

.727 

9 

Weatherhead 

9 

— 

227*495 

Cord  fire 

3 

4375 

.724 

9 

Aeroquip 

9 

Oil 

240*375 

4 

.4375 

.730 

9 

Weatherhead 

9 

Oil 

190,721 

5 

.4375 

.72S 

9 

Aeroquip 

9 

Air 

257*207 

6 

.4375 

.729 

9 

Weatherhead 

■ 9 

Air 

231,337 

sicrioi  HI 

PROCESS  SPiLOmOl 


Pa0t  •aq>erieno«  with  wire  braided  hoee  isdieated  that  prooeee  InproraDestf 
particularly  In  the  braiding  operation^  would  provide  a great  advance  toward 
weetlng  lapulee  raqiiirementa*  Lengtha  of  hoee  selected  on  the  heels  of  anperier 
braid  quality  invariably  gave  better  results  than  the  average  length  of  hose 


having  a relatively  uneven  or  non-unifom  braid. 

An  observation  of  any  oonventional  sire  braiding  operation  reveals  that  the 
individual  straxids  of  wire  in  each  group  applied  by  a single  oarrler  vary 
oonslderably  in  degree  of  tension.  It  is  known  that  there  are  variables  that 
affect  this  condition  such  as  spring  tension*  aeohanical  condition  of  the 
carrier*  quality  of  the  winding*  eto.|  but  even  if  the  braiding  is  dene  nndoar 
ideal  conditions*  this  variation  in  tension  still  persists  particularly  m the 
saall  sizes  of  hose.  Because  of  this  non-uniforwlty  of  tension*  individual 
strands  of  wire  oontinually  change  position  in  their  particnlar  group  to  alleviato 
this  condition.  This  change  in  position  or  ■cross-over”  can  be  seen  quite  readily 
on  the  braid.  It  is  generally  assuaed  that  the  nuaber  of  "cross-overs*  is  in- 
dicative of  the  braid  quality  le*  the  fewer  the  ■cross-overs*  the  better  the 
braid. 


It  was  believed  that  if  this  variation  in  tension  between  individual  strands 
of  wire  could  be  eliainated*  long  and  consistent  iapulse  results  could  be  obtained. 
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On  the  basis  of  this  proodse  a oonslderable  portion  of  the  time  and  aonles 
Involved  In  this  oontraot  were  expended  in  improving  the  braiding  and  related 
operations  in  order  to  aohleve  a more  imlform  braid. 

Wire  Winding  and  Braiding 

Investigation  began  vith  a study  of  the  vlre  minding  nachlnea  being  used 
to  take  the  mire  from  the  large  spools  it  is  purchased  on  and  wind  it  in  the 
proper  number  of  ends  on  to  the  braider  carrier  spools.  Each  reel  or  spool 
that  Specification  15A  mire  is  purchased  on  contains  approzlBately  75  pounds 
of  wire.  The  braider  oarrier  spools  each  hold  approximately  3 pounds  of  mire. 

The  minding  meobanism  oonsists  of  several  let-off  devices  each  of  which 
holds  a 75  pound  spool  of  mire.  The  let-off  allows  the  mire  to  be  pulled  from 
the  large  spool  at  a constant  tension  of  1-1/2  pounds.  This  is  accomplished  by 
a spiring  actuated  friction  clutch  which  is  periodically  checked  to  keep  tension 
variations  at  a mini  mum.  Each  end  of  wire  is  pulled  from  the  large  spool  b7  n 
set  of  pinch  roUez^.  All  the  rollers  are  driven  at  the  same  speed  so  that  each 
strazid  of  wire  being  pulled  by  its  set  of  rollers  is  equal  in  length*  The 
strands  of  wire  are  fed  from  the  pinch  rollers  to  a rotating  braider  spool.  The 
braider  spool  is  driven  so  that  it  maintains  a tension  on  the  wire  being  applied 
to  it.  This  tension^  which  is  obtained  vith  a friction  clutch,  is  adjusted 
so  that  it  does  not  oxoeed  the  tension  or  grab  of  the  pinch  rollers  at  any  time* 
This  operation  insures  that  the  individual  strands  of  wire  on  this  braider  spool 
are  equal  in  length.  To  further  insure  this  equality,  the  tension  of  the  pinch 
rollers  is  set  so  that  the  pull  required  to  cause  slippage  of  the  wire  between 
the  rollers  ie  greater  than  the  strength  of  the  Individual  strand  of  wire. 

Using  this  winding  apparatus,  there  is  almost  no  possibility  of  the  indi- 
vidual strands  on  each  braider  oarrier  spool  being  unequal  in  overall  length. 
However,  it  is  possible  that  the  length  of  individual  ends  of  wire  wound  during 
any  given  period  of  time  or  number  of  revolutions  nay  not  be  equal. 
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This  1b  poBBltle  becausB  tb*  viras  are  ziot  laid  side  tor  Bide  as  they  are 

fad  on  the  oarriar  spools.  The  bunching  of  the  vires  allovs  soae  ends  to  be  slack 

iriiile  Booe  ends  are  taut.  This  nneqnallty  of  length  per  revolution  or  number  of 
revolutions  voold  result  in  unequal  tensions  as  the  vlre  is  being  let  off  the 
spools.  Of  oourse,  this  variation  in  tension  mould  not  build  up  on  any  particular 
vlre  but  vould  fluctuate  fron  vlre  to  wire.  In  other  vords^  any  one  vlre  aould 

vary  back  and  forth  froa  a taut  to  a slack  condition  during  the  oourse  of  Its 

release  from  the  oaxTiu*  spool. 

As  no  method  of  rectifying  this  condition  at  the  vinders  was  apparent,  a 
special  carrier  vas  built  fdiieb  incorporated  a disc  tensioning  device.  This 
device  consisted  of  a series  of  friction  discs  betvsen  tvo  of  vhioh  each  strand 
of  vlre  passed  Just  prior  to  leaving  the  carrier.  This  device  vorked  very  well 
in  that  all  ends  of  vlre  leaving  the  carrier  appeared  to  be  equal  in  tension  and 
vary  fev  erossovers  vere  found  in  the  resultant  braid.  Bovever,  during  the  course 
of  braiding,  eonaiderable  slack  built  up  on  some  of  the  ends  in  back  of  the  tension- 
ing device  vldle  ethers  remained  taut.  When  this  condition  vas  first  noticed,  the 
slack  vas  taken  out  and  another  length  vas  braided.  The  same  condition  vas  again 
evident.  This  procedure  vas  repeated  several  times  vlth  the  same  results.  To 
eliminate  the  possibility  that  poor  vlre  vindlng  nl|^t  be  responsible,  all  tbs 
spools  vere  removed  from  the  braider  and  revound  under  careful  8xq>ervlsion.  This 
vas  dona  on  the  nevest  machine  vhich  vas  oooqpletely  chedeed  before  the 
vindlng  vas  dene.  The  spools  vere  rMounted  on  the  carriers  and  another  length 
vas  boraided.  The  same  alack  condition  vas  again  encountered  (?ig.  1) . 

ftudy  of  the  tvo  earriers  shoved  no  mechanical  defeats  that  might  be  caus- 
ing the  alack  oonditiom.  Hovever,  oareful  stu^  of  the  vlre  braid  itself  led  to 
a possible  solution  of  tha  problem.  It  vae  observed  on  the  braid  that  tba 
individual  vlras  in  ea(di  group,  as  appliod  by  each  carrier,  do  not  lie  in  a flat 
plana  as  thqr  spiral  around  tha  mandrel  but  travel  in  a slightly  oonoave  band. 
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If  this  h9  th«  OMs,  and  tha  data  ooUaotad  ta  mbatantiata  thaaa 

oonoluaioxiSy  tha  indlTidoal  anla  in  aaoh  hand  Tary  in  langth  aa  thay  traTal 
cn  diffarant  lod  vlth  raapaot  to  tha  oantar  Uxia  of  tha  hoaa.  In  tha  oaaa 
of  aight  endBf  #1  and  #8  vUl  ba  aqnal  and  tha  longest,  #4  and  #5  will  ba 
equal  and  tha  shortest,  #2  and  #7  ara  equal  and  #3  and  #6  are  equal  and  Intar- 
■adiata  in  Iwagth. 

A sehMstlc  explanation  for  the  concavity  of  each  group  of  wire  is  shown 
on  the  developed  braid  drawing  (Fig.  2) . Sections  A-A  and  B-B  illustrate  tha 
differanoa  between  tha  wave  pitches  of  the  outside  (#1  & #8)  and  the  inside 
(#4  & #5)  wires.  Tha  wave  pitch  of  the  outside  wires  is  greater  since  these 
alenents  travel  in  the  proxinity  of  the  crossing  of  three  groups  of  wire  while 
the  inner  ends  travel  over  and  tmder  only  single  thidmesses  of  wire.  This 
condition  will  become  more  exaggerated  as  tha  percent  pack  increases.  It  is 
possible  that  on  a low  percent  pack  construction  the  difference  in  wave  pitches 
and  resultant  lengths  are  negligible.  However,  on  the  hose  ooncemed,  the 
borst  requirements  are  such  that  high  percent  packs  are  necessary. 

To  substantiate  this  theory  by  actually  measuring  strand  lengths,  two 
groups  of  wire  applied  by  the  special  carriers  having  no  crossovers  were 
stripped  from  a four  foot  section  of  braid.  These  groups  were  chosen  as  it 
was  believed  that  they  would  show  variations  in  length  whereas  groups  applied 
by  conventional  carriers  would  tend  to  be  equal  over  a long  length,  crossovers 
in  the  conventional  braid  occurring  to  alleviate  tha  tension  in  the  longer  ends 
and  to  ooapensate  for  the  slack  in  the  shorter  ends.  The  results  obtained  are 
as  followss 


GBOOP  A GBODP  B 


* 

Color 

Lensrth 

Color 

Lenfrth 

1 

Black 

68* 

Blue 

69-3/8« 

2 

(Heutral) 

67-5/8» 

(Heutral) 

69" 

3 

Blue 

67-9A6* 

(Heutral) 

68-23/16* 

68-3A" 

4 

(Heutral) 

67-a/2» 

Bed 
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EQUAL  IN  LENGTH. 


NO.  4 a 5 ARE  EQUAL  AND  HAVE  THE  LOWEST 


PITCH.  HENCE  SHORTEST. 

NO  2 a 7 ARE  EQUAL  AND  NO.  3 a 6 ARE  EQUAL- 
AND  INTERMEDIATE  IN  LENGTHS. 


DEVELOPED  WIRE  BRAIDS  — 
GENERAL  LAYOUT 


DATE-^'^^^-i^? DRAWN  BY ^ 
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APPROVED  BY_  J CHECKED  — 


fed*  I 


GBOUP  B 


5 

6 
7 
6 


jaosLiL 

Color 

Crow  67-1/2'' 

Rad  67-1/2" 

■autral)  67-11/16" 

Heutral)  67-13/16" 


Color  Length 

QareM  6®-3/4" 

(Hautral)  66-13/16" 

(Hautraa)  69" 

Black  69-7/16" 


. Soa  to  tha  diffioolty  anoountarad  in  atrlpplng  the  two  groups  from  the 


four  foot  aaotlon  of  hrald,  only  tha  position  of  the  colored  mires  was  definite- 
ly astahllshad.  The  lengths  obtained  on  tha  neutral  wires  have  been  Inserted 


to  form  the  pattern  shown.  Evan  if  the  pattern  of  lengths  shown  Is  in  error. 


the  data  definitely  astahlishad  that  there  exists  a variation  In  lengths  which 
is  the  prime  ooacem* 

Om  the  basis  of  this  determination  a new  carrier  design  was  developed 
wfaloh  eadndied  the  use  of  separate  let-off  spools  for  each  end  of  wire.  Sy 
separately  braking  each  spool  It  was  believed  that  uniform  tension  oould  be 
obtained  even  though  different  lengths  of  wire  were  required  from  each  spool 
to  form  the  braid. 

Two  trial  oarrlers  were  fabrioated  and  evaluated.  These  appeared  to  do 
the  job  intended  and  with  a few  modifioations,  twenty-two  additional  carriers 
were  made,  figure  #3  is  a photograjdi  of  this  wire  carrier  incorporating  the 
individual  spool  let-off  meohaniam. 

Trials  with  these  carriers  were  very  promising.  The  wire  braided  with 
uniform  tension  between  all  ends  and  no  crossovers  were  found  in  the  finished 
braid,  figure  §U  shoes  the  uniform  braid  obtained  using  these  oarrlers.  One 
disadvantage,  however,  is  tha  job  of  threading  up  these  units  as  oomparod  to 
the  oonventional  oarriar.  Its  ooaplexlty  makes  this  job  take  about  five  times 
longer  than  normal.  This  makes  the  praotioability  of  these  oarrlers  questlom- 
ahle,  bmt  further  slmplifioation  of  design  is  feasible. 
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Parf  ect  wire  braid 
Produced  with  special  carriers 


braiding  triala  vere  oondaoted  uaing  fiva  ends  of  airs  oa  each 
oarrler  spool  so  that  the  braiding  oould  be  done  dlreotly  on  a l/lh*  0*D*  hose 
■andrel  with  approziaateljr  90%  wire  padc  sisnlating  aotnal  V/l^*  IJ).  hose 
oonditions.  This  procedure  slsiplifled  the  ervalnation.  The  braid  shown  in 
figure  §U  was  produced  in  this  Banner. 

In  order  to  expedite  the  fabrication  of  hose  saa^xLes  after  the  ooopletion 
of  the  prelininary  braiding  trials^  saaples  of  5/16*  I.D.  siae  -6  Speoifloation 
MIL-B-5017  hose  were  Bade  using  the  five  end  wire  set-iQ)  to  avoid  rewinding  wire 
for  the  seven  Mxds  necessary  to  Bake  the  7A6”  hose.  Saaples  of  this  bose^ 

ZB-1732  shown  below,  were  produced  using  the  special  braider  carriers.  Iddition- 
al  ssB^es  of  hose  similar  in  construction,  XE-1532,  were  produced  using  conven- 
tional braider  carriers.  Burst  and  iapulse  tests  vere  oondnoted  on  both 
oonstruotiona.  These  results  are  shown  below. 

I&-1732  MIL-H-5017,  Bias  -6,  5/16*  I.J). 

Tubet  E0-4O5O7-G-2.  Finished  gauge  ,070” 

Kxtruded  23/64*  I.D.  x .095*  gauge  vaU 
Semi-cure  15'  • 30#  stean 

Cement:  Wash  with  Solvesso  and  apply  1 oOat  P-784  oemanb. 

Wire  Braldt  .012*  dia.  (Spec.  151  wire),  5 ends,  24  8.M.,  1-1/8*  piteh  33/64*  OJ). 
Layer:  11-4779,  0.032*  gauge. 

Wire  Braid:  .012*  dia.  (Spec.  151  wire)  5 mis,  24  S.H.,  1-l/S*  pltoh  39/64*  O.D. 

Layer:  11-4779  .016*  gauge. 

Breaker  Ply:7/3-l  ®nd,  1-1/8*  pitch 

Cover:  4650  .040*  gauge  extruded  23/32”  O.D. 

Cura:  Spiral  iqrlon  wrap  60*  • 50#  stesB. 

lB-1532  IIIL-H-5017,  Siae  -6,  5/l6*  I.D. 

Construction  identical  to  lH-1732  except  hose  samples  produced  using 

conventional  braiding  equipment. 


Test  Results 

Impulse  Test 

3000  P.S.I. 

operating  with  150%  peak. 

XH-1732 

Unaged  Sample  #1 

142,000  cycles  Bose  Burst 

* ■ #2 

155*000  * a a 

• * #3 

172,000  * as 

IH-1532 

Unaged  Sample  #1 

113*000  cycles  Hose  Burst 

» ■ #2 

152,000  ■ • * 

* * #3 

159,000  * a a 
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Buret  Teat 


XH-1732 


Sample  #1 

* #2 


18,500  P.S.I. 
18,000  ■ 


IH-1532 


Sample  #1 

- #2 


17,800  P.S.I. 

18,300  ■ 


The  test  results  do  ziot  Indloate  a marked  difference  between  the  two  hose 
samples.  Although  the  ZH-1732  samples  show  an  average  of  25,000  cycles  more 
than  the  XH-1532  hose  made  using  conventional  equipment,  this  difference  Is  not 
considered  significant  since  variations  In  Impulse  results  are  nomally  quite 
large.  Even  though  the  comparison  did  not  Indicate  a great  Improvement,  It  Is 
quite  possible  that  more  testing  will  Indloate  that  hose  braided  with  Individual 
strands  of  wire  under  equal  tension  will  have  more  consistent  Impulse  life.  Hose 
giving  consistent  Impulse  results  at  the  high  life  level  obtained  In  these  tests 
would  be  very  desirable. 

Conclusions  and  Recommendations 

It  Is  concluded  from  the  work  done  that  with  the  prop>er  choice  of  tube, 
layer,  and  cover  compounds  In  combination  with  comnerclal  grade  high  tensile 
hose  reinforcement  wire,  and  provided  the  reinforcement  design  foUovs  the 
principles  developed,  hose  can  be  manufactured  using  conventional  equipment  to 
meet  the  requirements  of  Specification  Mnr>H-5017  else  -8  hose. 

Since  the  completion  of  this  contract,  this  statement  has  been  borne  out 
as  this  company  is  now  qualified  and  is  manufacturing  hose  in  -8  and  other  sizes 
to  meet  the  requirements  of  Speeifloatlon  liIlr-K-5512  without  exceptions. 

furthermore  In  order  to  malxttaln  a satisfactory  quality  level  on  this  hose. 
It  is  mandatory  that  rigid  quality  controls  and  Inspection  are  applied  to  the 
Btaterlals  and  operations  Involved.  Proper  sudxtenance  of  equipment,  particularly 
the  braider  is  of  great  Importance. 

The  experimental  work  done  with  the  special  braider  carriers  indicated  that 


equal  tension  braiding  does  not  substantially  isqpTove  the  Impulse  life  of  hose 
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Boir«Ter,  there  Is  a posslhllity  that  aore  impulse  test  data  will  lodlcate 
a greater  rndformlty  of  results.  Unfortunately,  insxifflolent  fuods  were  avail- 
able on  this  contract  to  fabricate  and  test  more  hose  samples. 

This  company's  recent  production  e:q>erienoe  with  the  -6  5/16"  I.D.  axid 
-8  7/l6"  I.D.  sizes  Indicates  that  the  average  impulse  life  of  these  sizes  is 
sufficiently  in  excess  of  the  100,000  cycle  minimum  so  that  variations  of  the 
order  enoountered  can  be  tolerated  but  the  average  impulse  life  of  sizes  -10 
and  larger  is  nuoh  lower  and  on  these  sizes  they  can  make  the  difference  between 
good  and  bod  hose. 

It  is  the  opinion  of  the  investigators  that  further  evaluation  of  the 
axperlmwial  braider  carriers  on  the  critical  sizes  is  desirable.  However,  in 
order  to  properly  do  this  it  would  be  necessary  to  run  several  thousand  feet  of 
hose  using  this  equipment  and  compare  the  impulse  test  results  obtained  on  a 
large  n»ber  of  samples  selected  from  this  hose  with  similar  samples  selected 
from  an  equal  amount  of  hose  produced  using  conventional  equipment.  This  is  too 
costly  an  experiment  for  this  oompaiy  to  conduct  at  its  own  expense  cmd  further 
work  with  the  special  carriers  is  not  contemplated. 

Zn  their  present  foim  the  special  carriers  are  not  entirely  practical  from 
a production  standpoint  in  as  much  as  the  time  required  to  thread  the  wire  in 
these  oarrlers  is  several  times  that  necessary  to  thread  the  standard  unit. 
However,  it  is  quite  possible  that  the  design  can  be  adjusted  to  eliminate  this 
extra  labor.  It  is  our  opinion  that  the  practicality  of  the  experimental 
oarrlers  at  their  present  stage  of  development  should  not  obstruct  the  consider- 
ation of  further  e^>erlmental  work  with  them. 
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APPBIDIl 


Raclpeg 

BM-4636 


Ingredient  1?t.  lbs. 


Buna  H Master  Batch  EB-4III-931  240. 

Buna  S Master  Batch  S-lBf-939  63. 

Zinc  Oxide  9.5 

S-66  Moamoblle  Blade  (MFC)  50. 

Pelletax  (SRF)  75. 

Altax  3.8 

Agerlte  White  .5 

TP-’90-B  40. 

Sulfur  3.3 

485.1 

B8-MM-931 

Paracril  B5  262. 

Pelletax  (SRF)  100. 

Estac  #17  10. 

372. 

GRS  200. 

Pelletax  (SRF)  200. 

Estac  #17  10. 

410. 

40507-G-2 

40515A  Masterbatch  45. 

405161  Masterbatch  213. 

Zinc  Oxide  8*5 

Pelletax  (SRF)  50. 

KosMblle  S-66  (MPC)  50. 

Phllbladc  0 (HAF)  25. 

Agerita  White  1.3 

Esaa  1.3 

TP-90-B  3S. 

Altax  3* 

Sulfur  3. 

438.1 


40515A 


QRS-4S9 
Palletex  (8SF) 
TP-90-B 


200. 

200. 

10. 

410. 
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Ingredient  Wt«  lba« 

GRS-1015A  7.5 

Paraorll  BJ  35*5 

Zinc  Oodde  2.1 

Pelletex  (SRF)  50. 

Aferite  WMte  .4 

TP-90-B  11. 

Altaac  .8 

Sulfur  1.5 

108.8 

40516a 

Sama  Krynac  300. 

Pellvbax  (SRF)  115. 

IP-90-B  12. 

427. 

i-ATza 

Heoprene  QB  180. 

Keystone  Whiting  225. 

Kos»}bila  S-66  50. 

Estao  #17  10. 

Pine  Tar  10. 

B-Ir*E  1. 

Ciroo  Oil  10. 

R^54  (Zlno  Oleate)  5. 

HagUte  D 10. 

Zlno  Oodde  5*4 

Sulfur  5. 

511.4 

■eoprene  (SSI  206. 

Zinc  Oodde  10. 

Magnesiiai  Carbonate  5 • 

Philblnok  A 150. 

Plasticiser  SC  30. 

BlBatyl  Sebaoate  30. 

Seedine  6. 

Altax  2. 

leosone  D 5. 

Sulfur  4.2 

448.2 
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MATERIAL  g>ECIFIC!lTIOWa 


Standard  15-A  Wire 


Type  of  Uret 

Bard  drawn  steal 

Flnlsht 

Liquor  (Straw  color) 

Shape: 

Round 

Gauges: 

.012«  and  .015" 

Tensile: 

350,000  - 400,000  P.S.I. 

Geuge  Llaits: 

.012"  + .0003" 

.015"  ± .0003* 

Brittleness: 

In  no  case  shall  wire  be  brittle.  It 
mst  be  sufficiently  flexible  to  band 
around  a mandrel  4 times  the  diameter  of 
the  wire  without  showing  signs  of  fracture 

Swedish  Steel  Wire 

Sane  as  above 

except  Swedish  Steel. 

Aircraft  Cord  Hire 

Same  as  above  except  drawn  fr<wa  ground  rod. 

TensUei  300,000  - 350,000  P.S.I. 


7/3  Yam 


Slse/Plv 

Tensile 

Strem^h 

Single  End 

IdsAb. 

Gauge 

Grade  of  Yam 

Color 

7/3 

9.0 

1910 

.0245" 

Earded  American 

Ihlte 
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